The paper examines the relationship and the cross-sectional asset pricing implications of risk arising from the innovations in the short and the long-term implied market volatility on excess returns of the FTSE100 and the FTSE250 indices and the 25 value-weighted Fama-French style portfolios in the UK. Findings suggest that after controlling for valuation, macroeconomic, leading economic and business cycle indicators, returns exhibit a strong negative relationship with the innovations in both the short and the long-term implied market volatility. The crosssectional regression provides new evidence that changes in both short and long-term implied market volatility are significant asset pricing factors with negative prices of risk, which suggests that (i) investors care about ex-ante volatility and (ii) they are willing to pay for insurance for future uncertainty.
Introduction
There is a long-standing academic interest in investigating the relation between market volatility and stock returns. Broadly speaking, there are two groups of literature, which deal with this issue. First, group investigates this relationship using realised or ex-post volatility [see for example, French, Schwert, and Stambaugh (1987) , Schwert (1989a) , Bae, Kim and Nelson, (2007) ]. Second group deals with this issue using short-term implied volatility. Since investors are mostly concerned about ex-ante risk, implied volatility rather than realised volatility is considered as a better measure of risk for determining stock returns. For example, Ang, Hodrick, Xing and Zhang (2006) show that aggregate market volatility implied by the VIX index is a key factor in explaining the cross-section of expected returns. Bollerslev, Tauchen and Zhou, (2009) show that the difference between "model-free" implied variance (squared VIX index) and the realised variance significantly explains the variations in expected stock returns. Further, Drechsler and Yaron (2011) show that the variance risk premium, the difference between squared VIX index and the conditionally expected realised variance, is linked to the underlying economic volatility and can predict future stock market returns.
Finally, Lubnau and Todorova (2015) analyse the predictive ability of short term implied market volatility in forecasting stock returns. Their findings suggest that periods of low volatility are followed by significant positive mean returns over 20, 40 and 60 trading days.
Although the extant literature has examined the empirical link between short-term implied volatility and stock returns, it overlooks the impact of long-term implied volatility.
Investors are not only concerned about short-term volatility but they are equally apprehensive about the likely impact of the longer-term volatility on stock returns. Indeed, market volatility is driven by the changes in macroeconomic variables and therefore can capture business cycle risk (Schwert, 1989a; Schwert, 1989b) . Consequently, it is critical to investigate whether asset risk premia are driven not only by risk of covariance of asset return with market returns, but also with the factors which drive volatility of future investment opportunity set in the longterm. Furthermore, such an investigation is absent in the context of the UK stock market as most of the studies mentioned above use the US data. It is worth conducting such an investigation in the context of the UK Stock market as recent idiosyncratic events such UK's exit from the European Union ("Brexit") and the ensuing political and currency crisis could affect long-run volatility of future investment opportunities in the UK.
Against this backdrop, this paper makes two novel contributions to the existing literature.
First, the paper investigates the extent to which both the short and the long-term implied market volatility drive the UK stock returns. Secondly, the paper offers new insights on the asset pricing implications of the risks arising from innovations in both the short and the long-term implied market volatility. This paper is similar to the work of Adrian and Rosenberg, (2008) which considers the impact of short and long-term conditional market volatility on US stock returns. They decompose the conditional volatility of market returns into short and long-term to capture the financial constraints and business cycle risks respectively. They find that both short and longterm volatility are negatively priced. However, this paper is vitally different from Adrian and Rosenberg, (2008) as the focus is on changes in the expected short-term (30-days) and long term (360-days) model-free implied market volatility. Implied volatility is both observable and free from estimation bias. Contrary to this, Adrian and Rosenberg, (2008) use conditional market volatility which is not only unobservable but is also subject to estimation bias since it depends on the type of time-series model employed for its estimation. [See for example: Heynen, Kemna and Vorst, (1994) , Dumas, Fleming and Whaley, 1998)] We use the VFTSE volatility index and the FTSE 100 interpolated annualised Implied Volatility Index (IVI360) as proxies of short term and long-term implied market volatility respectively. Similar to the Chicago Board of Exchange's VIX index, the VFTSE represents the risk-neutral expectation of market participants about the future market volatility of the FTSE 100 index over the next 30 calendar days. Similarly, the interpolated FTSE IVI 360 index represents market participants' risk-neutral expectations about future market volatility over next one year. Both VFTSE and IVI360 are constructed using the collection of out-of-money put and call options on the FTSE 100 index using appropriate maturities which represent "model-free" measures of implied market volatility. 1 There is extensive support in the literature for using "model-free" measure of implied volatility. Jiang and Tian (2005) show that option implied volatility is immune from model misspecification errors and is informationally superior. Dennis, Mayhew and Stivers (2006) , suggest that systematic volatility, measured using implied volatility has a bigger impact on stock returns than idiosyncratic volatility. Banerjee, Doran and Peterson (2007) also lend support to using model free implied volatility as they find both current and future innovations in the implied volatility are useful in predicting future excess returns. Besides the rationale offered by academic research, the Bank of England (BoE) also considers implied volatility as one of the indicators of future economic uncertainty. 2 We study the impact of the short term and the long term implied market volatility by using returns on the FTSE 100 and FTSE 250 indices in excess of the one-month UK Treasurybill rate while controlling for a variety of variables. We use the following control variables found in the literature as useful for predicting the stock market returns 3 . The first group of control variables includes valuation ratios i.e., dividend yield, price-to-earnings ratios and 1 For more information regarding the construction methodology of the FTSE Implied Volatility Index follow this link http://www.ftse.com/products/downloads/FTSE_Implied_Volatility_Index_Series.pdf 2 http://www.bankofengland.co.uk/publications/Documents/inflationreport/2016/may.pdf 3 See for example, Pesaran and Timmermann (1995; ; Lettau and Ludvigson (2001) ; Marquering and Verbeek (2004) ; Goyal and Welch (2003) ; Welch and Goyal (2007) ; Rapach, Strauss, and Zhou (2010) ; Della Corte, Sarno, and Valente (2010); Kellard, Nankervis, and Papadimitriou (2010) market liquidity. The second group comprises eight UK macroeconomic indicators i.e., inflation, unemployment, narrow and broad money supply, effective exchange rate, the term spread (measured as the difference in the yields of UK 10 year Government bond and 3-month Treasury-bill) and the short-term transitory deviations between consumption, asset wealth and income (CAY). The third group of control variables includes leading economic indicators i.e., changes in the retail sales, industrial production, consumer confidence and the composite leading indicator. We also study the asset pricing implications of the risk associated with the changes in the short and long term implied market volatility in the cross-section of excess returns of twenty-five Fama-French portfolios sorted on size and book-to-market characteristics ( Fama and French 1992) .
Using data from February 2000 to June 2015, we find that the innovations in both the short and long-term implied market volatility have a significant negative impact on the excess returns after controlling for valuation ratios, macroeconomic and leading economic indicators.
Notably, we find that the excess returns from FTSE 250 index are more sensitive to the innovations in both the short and the long-term implied market volatility as compared to the FTSE 100 index. Furthermore, we find that the excess returns from both FTSE indices are more sensitive to the innovations in the long-term implied market volatility, which imply that investors seem more concerned about the long-term uncertainty.
The cross-sectional analysis using 25 Fama-French style portfolios, sorted on size and book to market characteristics shows that the impact of changes in the short (long)-term implied market volatility has positive (negative) impact on the excess returns of small size portfolios after controlling for the market risk premium. This suggests that investing in small size portfolio may provide a hedge against the short-term market uncertainty. In contrast, investing in large stock portfolio seems to provide a better hedge against the longer-term implied market volatility. Overall, the 25 Fama-French portfolios show greater sensitivity to the changes in the long-term implied market volatility. We find evidence of cross-sectional pricing ability of both the short and the long-term implied market volatility after controlling for popular crosssectional asset pricing factors such as market, size, value, momentum premiums and variety of business cycle variables.
We test the robustness of our results in two different ways. First we measure the innovations in the VFTSE and IVI360 indices by using; (i) changes in these indices, (ii)
innovations from ARMA (1,1) model and, (iii) orthogonalised innovations of VFTSE and IVI360 indices by regressing them on variety of business cycle and macroeconomic indicators.
Second, we re-estimate our models using the Generalised methods of Moments (GMM)
specifications. 4 We find that our results remain robust and confirm our findings that the short (long)-term implied volatility positively (negatively) affects excess returns and changes in both the short and the long-term implied market volatility are significant asset pricing factors with negative prices of risk. This suggests that (i) investors care about ex-ante volatility and (ii) they are willing to pay for insurance for future uncertainty.
The remainder of the paper is organised as follows; section 2 describes the theoretical motivation and the empirical approach used in the paper. Section 3 describes the data. Section 4 reports and discusses empirical results. Section 5, reports results of robustness tests and section 6 concludes.
Theoretical motivation and methodology

Theoretical motivation
The Intertemporal Capital Asset Pricing Model (I-CAPM) of Merton (1973) and the Arbitrage Pricing Theory (APT) of Ross (1976) postulate that when an investor's future opportunity set is stochastic, asset risk premia are proportional to the covariation of asset returns with systematic factors in addition to the market factor. Further, the stochastic discount factor is a function of innovations in other systematic state variables that can drive investor's opportunity set. Campbell's (1993) version of I-CAPM shows that under the assumption of homoscedastic environment, investors care about future expected news, which implies that excess stock returns are proportional to the covariance of asset returns with news influencing future market returns. Chen (2002 ) extends Campbell's (1993 version of I-CAPM under the assumption of heteroscedasticity and time-varying conditional co-variance of asset returns with stochastic discount factor. He shows that investors care about expected volatility and so they like to hedge risk arising from the future innovations in the volatility.
Motivated by these theoretical implications of the I-CAPM, we hypothesise that the short and the long term implied market volatility will affect investors' short and long-term opportunity set thus driving the risk premium they demand to offset risk. 
where , is the expected excess return on risky asset, is the short term implied market volatility (30 days) and is the long term implied market volatility (360days).
are the respective prices of risks.
Methodology
In this section, we describe our empirical approach. We begin our analysis by studying the impact of risk associated with the changes in the short term (VFTSE) and the long-term implied market volatility (IVI360) on the excess returns of aggregate FTSE indices. For this, we estimate the following regression;
where, is the excess returns of the FTSE index i, Δ , is the change in the short term implied market volatility (VFTSE index), Δ , is the changes in the long term implied market volatility, represents control variables and is the error term which is assumed to follow a white noise process. and capture the sensitivities to changes in the short and the long term implied market volatility. As mentioned earlier, we use three groups of control variables; three valuation metrics, eight macroeconomic indicators and four leading economic indicators separately. With these sets of control variables, model (2) is modified as:
where, is the dividend yield of the i th FTSE index, is the Price-Earnings ratio of i th FTSE index and the is the log of trading volume which is our measure of market liquidity. Gervais, Kaniel and Mingelgrin (2001) show that trading volume contains important information about the future stock returns. Periods of excessive trading are followed by high stock returns and periods of low trading volume are followed by low stock returns. They refer to this phenomenon as High Volume Return Premium.
With the second group of control variables model (2) becomes,
where, is the inflation, is unemployment rate, ∆ 0 log changes in the narrow money supply (M0), ∆ 4 is the log changes in the broad money supply (M4), ∆ is the log changes in the Sterling's effective exchange rate index, ∆ is the changes in the term spread measured as the difference between the yields on the 10 year and the 3-month UK Treasury-bill.
Following Lettau and Ludvigson (2001) , we also control for the transitory deviations between the consumption, asset wealth and income, (CAY). We construct the CAY variable as residuals of the following cointegrating regression;
where, is the log of aggregate household consumption in the UK, is the log of aggregate household wealth and is the log of aggregate disposable household income. = CAY is the transitory deviation between these three variables. We estimate this cointegrating regression by dynamic OLS 5 Finally, with the third set of control variables, model (2) becomes
where, ∆ is the log changes in the retail sales, ∆ is the log changes in the Index of Industrial Production, is the changes in the consumer confidence index and ∆ is the log changes in the composite leading indicator.
We investigate the cross-sectional asset pricing implications by using twenty-five FamaFrench size and book-to-market portfolios. For this we employ the two-stage Fama and MacBeth (1973) 
where, represents the excess returns of the p th size and book-to-market portfolio, and represent the unconditional prices of risk arising from the exposure to changes in the short term and the long term implied market volatility. In cross-sectional regression (5) the are estimated from time series regressions (4). We augment model (5) by including the exposures to size premium (SMB) and value premium (HML) of Fama and French (1993) and momentum factor (UMD) of Carhart's (1997) model. Thus, in model (6) , and denotes the time-series loadings on size, value and momentum premiums and , and are corresponding factor premiums respectively. Models (5) and (6) are estimated using Newey and West (1987) (Heteroscedasticity and Autocorrelation Corrected) standard errors. In addition to controlling for the Fama and French (1993) and Carhart's (1997) factors, we also control for seven economic indicators, used previously, in investigating the impact of changes of short and long term implied market volatility on the excess returns of the aggregate the FTSE indices. Thus, we estimate the following cross-sectional regression model:
where, , , , , , , and are the prices of risk associated with exposure to market risk premium, inflation, unemployment, changes in narrow money supply, changes in broad money supply, changes in Effective Exchange Rate, changes in the term spread and the CAY respectively.
For ensuring that our results are robust, we use residuals from ARMA (1, 1) model and orthogonalised innovations to VFTSE and IVI360 indices as proxies of innovations in the short and the long term implied volatility. We use the Akaike (1973) Information Criteria for selecting the lags and use the ARMA (1, 1) residuals and re-estimate models (5), (6) and (7).
Data Description
We estimate ex-post excess returns for the FTSE 100 and FTSE 250 indices using the total return index, which includes dividends less the one-month T-bill rate. We use the VFTSE and FTSE interpolated 360 days volatility indices (IVI360) as a proxy of short-term and long-term implied volatility. We obtain data on total return indices and control variables from DataStream and Bloomberg 6 . A brief description of the control variables is given in Table A1 of Appendix
A.
We obtain returns on the twenty-five Fama-French style portfolios based on size and book-to-market characteristics from Gregory, Tharyan and Christidis (2013) . cross-sectional asset-pricing factors. We can notice that the momentum premium is the highest of all the pricing factors. This suggests that an investor would have earned an average of 9.54%
by investing in a portfolio, which is long "winners" and short "losers" based on past 12 month's returns.
Panel D presents the descriptive statistics of the macroeconomic indicators. The average annual growth rate of narrow money is 5.46% whereas the average term spread is about 0.99%.
Interestingly, the average annual effective exchange rate of -0.69% shows that on average the value of Sterling has fallen against the basket of currencies of major trading partners of the UK. Panel E provides the descriptive statistics of the leading economic indicators. The average annual change in the retail sales is 2.24% while the average annual change in the index of industrial production is -0.75% indicating that industrial production has decreased. Finally, 
Results
In this section, we present the results of our analysis. We first examine the impact of innovations in the short and the long-term implied market volatility on excess returns of aggregate FTSE indices. We then report the cross-sectional asset pricing using the 25 size and book-to-market portfolios. Table 4 reports the estimations using model (4). The results show that the average impact of the short term implied market volatility on excess returns of the size portfolios decreases as one moves from small to large size portfolios. The average impact of ∆ on small size portfolios is 0.22 and decreases to -0.06 for the large portfolios. This suggests that small size portfolios provide higher risk adjusted excess returns. This is consistent with the findings reported by Pastor and Veronesi (2003) who show that the uncertainty related to future profitability of small stocks is much higher than large stocks which explains why small stocks provide higher risk adjusted returns. Further, Adrian and Rosenberg (2008) also report higher average exposure of small stocks to short term conditional market volatility.
The impact of the short and the long-term implied market volatility
Across the value dimension, the impact of risk associated with changes in the short-term implied market volatility increases as one moves from growth to value portfolios. On average, the impact of ∆ on the excess returns of growth stocks is 0.05 as compared to 0.21 for the value stocks. Growth stocks provide less insurance against the risk of short term implied market volatility than the value stocks.
As far as the impact of risk associated with changes in the long term implied market volatility is concerned, we find that, on size dimension, small stocks are significantly more sensitive to ∆ . The average impact of ∆ on the excess returns of small size portfolios is higher (-0.66) than for the large size portfolio (0.16). On average, the large stocks provide positive risk-adjusted excess returns to offset increase in the long term implied market volatility. These results are qualitatively similar to Adrian and Rosenberg (2008) who also find that average loadings on the long term conditional market volatility for large stock returns are higher compared to the small stocks.
Further, the growth stocks show greater sensitivity to changes in the long-term implied market volatility than the value stocks. However, similar to the impact of the short-term implied market volatility, the average magnitude of impact of long term implied volatility on the excess returns of value stocks is larger than the growth stocks (|−0.45| > |−0.13|).
Column 1 of Table 5 presents the results of Fama and MacBeth (1973) cross sectional regression as per equation (5), whilst Column 2 shows the results of regression using equation (6) which controls for the size, value and momentum premiums. The aim is to examine the pricing of ∆ and ∆ in presence of the market factor as well as the Fama-French (1993) and Carhart (1997) factors. The t-statistics are estimated using the Newey and West (1987) standard errors accounting for heteroscedasticity and autocorrelation.
***please insert table 5 about here***
The results of cross-sectional regression show that the prices of the risks of both the shortterm and the long-term implied market volatility are negative and statically significant (-1.95%
and -1.30% respectively) after controlling for the market risk premium. The negative prices suggest that when the short and the long-term implied market volatility are high, assets with high returns are expensive and consequently have low expected returns. The price of risk of -1.95% implies that assets which have unit exposure to the short-term implied market volatility will have 1.95% lower excess returns than the asset with zero exposure. Similarly, the price of risk of -1.30% means that assets with unit exposure to the long-term implied market volatility risk will earn 1.30% lower excess returns than the an asset with zero exposure. Our results are consistent with both Ang et al. (2006) who report negative prices of risk as implied by the VIX index and Adrian and Rosenberg (2008) who show that the short and long-term conditional volatility is negatively priced. From Column 2, a similar interpretation can be made after controlling for the size, value and momentum premiums in addition to the market risk premium.
The prices of both short and long-term implied market volatility remain negative and statistically significant at 1% level.
In columns (3) and (4) of table 5, we check the robustness of our results in columns (1) and (2) by using the residuals of ARMA (1,1) models, which proxy for innovations in the short and the long-term market volatilities. We do not present the first stage factor loadings (betas) on these residuals. Instead, we directly present the second stage Fama and MacBeth, (1973) cross sectional regressions in equations (5) and (6) using the betas of ARMA (1, 1) residuals.
Results in columns (3) and (4) show that the pricing of both short and long-term implied market volatility remain negative and statistically significant confirming our results reported in columns (1) and (2) attributable to the exposure to changes in the short-term and the long-term implied market volatility, while Panel C reports factor risk premium attributable to the market factor. The average risk premium of large stocks attributable to changes in the short term implied market volatility is positive (0.11% monthly) while the average risk premium of small stocks is negative (-0.44% monthly). On the other hand, the risk premium due to exposure to the changes in the long-term implied market volatility for large stocks is negative (-0.21% monthly) while it is positive for the small stocks (0.86% monthly). This is because the magnitude of factor loadings for small stocks is larger. Moreover, the risk premium of the 25 portfolios attributable to both the implied market volatility components is greater than the risk premium for the exposure to the market risk. For example, the risk premium for small stocks attributable to combined implied market volatility components is 0.42% monthly (0.86% + (-0.44%)) which is greater than that attributable to market risk premium (0.15% monthly). Overall, the average monthly risk premium for all portfolios attributable to the risk of changes in the short and the long-term implied market volatility is -0.19% and 0.45% respectively implying that investors will expect to earn positive risk premium for the risks associated with changes in the long-term implied market volatility.
Pricing implications in presence of business cycle indicators
In the previous section, we examined the pricing implications of exposures to the short and the long-term implied market volatility in presence of well-known cross-sectional asset pricing factors. In this section, we extend our analysis by including business cycle indicators. Schwert (1989a) show that business cycle is an important driver of market volatility. Further, Lettau and Ludvigson (2001) the CAY variable in addition to the market factor. In columns (1) and (2) the prices of risk of the short and the long term implied market volatility are estimated using exposures to ∆ and ∆ . For robustness, in columns (3) and (4) we estimate the prices associated with innovations in the short and the long term implied market volatility using the residuals of ARMA (1,1) model as before.
From column (1) of table 7 we can see that after controlling for the exposure to the business cycle indicators, the long-term implied market volatility is a significant pricing factor with negative price of risk of -1.08%. The short-term implied market volatility is also a pricing factor albeit at lower level of significance (10%) with negative price of risk (-1.80%).
Innovations to broad and narrow money supply and short-term transitory deviations between consumption, asset wealth and income (CAY) are also significant cross-sectional asset pricing factors. These results when re-estimated using residuals of ARMA (1,1) model and reported in column 3 are fairly robust except the innovations in the short-term implied market volatility is no longer a significant pricing factor.
In column (2), we examine the pricing ability of ∆ and ∆ after controlling for the leading economic indicators which provide early signs about turning points in business cycle. 8 Results confirm that both the short and the long-term implied market volatility are significant pricing factors at 5% level with negative prices of risks -2.39% and -0.87% respectively. Once again, when re-estimated with ARMA (1, 1) residuals, these findings remain
robust as reported in column (4). Further, Consumer Confidence and the Composite Leading
Indicator are also significant cross-sectional asset pricing factors.
Robustness
In this section we assess the robustness of our results in two different ways. First, we examine the impact of risk associated with changes in the short and long-term implied market volatility on the excess returns of 25 Fama-French size and book-to-market portfolios by controlling for aggregate market liquidity. Liquidity of stocks is a significant asset pricing factor in the cross-section of expected stock returns. For example, Pastor and Stambaugh (2003) find that the cross-section of expected stock returns is related to aggregate market liquidity. They show that stocks with higher sensitivities to their liquidity factor earn additional 7.5 % returns annually compared to stock with lower sensitivities to liquidity. Amihud (2002) shows that market illiquidity determines expected stock returns over time which implies that excess stock returns provides compensation for lower liquidity. Amihud's (2002) findings also suggest that expected stock returns are time-varying and are a function of market illiquidity.
As such, we assess the pricing ability of changes in the VFTSE and IVI360 index in cross section of stock returns by controlling for aggregate market-wide liquidity. We estimate timeseries and panel data models using both Ordinary Least Squares (OLS) and Generalised
Method of Moments (GMM).We explain this in more details in sub-section 5.1.
The second way in which we assess the robustness of our results is by examining the cross sectional asset pricing implication of the innovations in the short and the long term implied market volatilities by measuring these innovations using three different approaches.
Sub-section 5.2 explains this approach in more detail.
Time series and panel data of excess returns
In this sub-section, we examine the impact of risk associated with changes in the short and the long-term implied market volatility on the excess returns of the 25 Fama-French portfolios, using time-series and panel random effect models. We augment model (4) a measure which uses cross-sectional average of the liquidity of individual stocks. They estimate stock's liquidity in a given month based on the average effect that a given volume on a given day has on next day's return. They treat this signed volume as a proxy for order flow.
As VFTSE and IVI360 indices may have low exogeneity, we estimate the model using Generalised Method of Moments as suggested in Racicot (2015) , Racicot and Rentz (2016) and Racicot and Rentz (2017) . 9 Table 8 shows the GMM estimation of time-series model for 25 portfolios. Table 9 shows the results using random effect panel data regression. Panel A of Fama-French portfolios are significantly sensitive to the changes in the VFTSE and the IV360 after controlling for risk premium and liquidity. The absolute effect of changes in the longterm implied market volatility is more than that of the changes in the short term implied market volatility.
***please insert table 9 about here***
Cross-sectional pricing implications
We now check the robustness of our results by augmenting the cross-sectional model (6) with market liquidity and assess the prices of risks associated with exposure to innovations to 9 We are thankful to the anonymous reviewer for this suggestion.
the short and the long-term implied market volatility. For this we estimate the Fama and MacBeth regressions (1973) similar to models (5) and (6) but augment them with the market liquidity and other macroeconomic indicators. We present the results of the second stage crosssectional regression in Table 10 . For robustness, we measure innovations in the short and the long-term implied market volatilities in three different ways. First, the innovations are measured using changes in the VFTSE and IV360 indices. Second, we use residuals from ARMA (1, 1) models (8) and (9) below, as proxy of innovations in the VFTSE and IV360
indices.
Here, , and , are used as proxy of innovations to the VFTSE and IV360 indices. 
In the above, , and , are the orthogonalised innovations in the VFTSE and IV360 indices respectively. We use these as proxies of innovations to short and long term implied market volatility because Gregoriou, Racicot, and Theoret (2018) show that the level of exogeneity of implied volatility indices, such as the VIX index in the US, is low. , and , serves as idiosyncratic and exogenous innovations in the short and the long-term implied market volatilities after controlling for macroeconomic variables.
***please insert table 10 about here*** Table 10 presents the results of the second stage Fama and MacBeth (1973) crosssectional regressions. In Panel A, we report the results of pricing of the short and the long term implied market volatilities using changes in the VFTSE and IV360 indices. Panels B reports the pricing of short and long-term implied market volatilities using ARMA (1,1) residuals ( , and , ). Panel C reports the pricing of short and long term implied market volatilities using the orthogonalised innovations , and , obtained from models (10) and (11). We can observe from Table 10 that our results regarding pricing of changes in the short and the long term implied market volatilities are robust. First, the price of risk associated with exposure to changes in the VFTSE are significant after controlling for the market factor, aggregate market liquidity and other popular cross-sectional asset pricing factors such as SMB, HML and UMD.
(Panel A, columns 1, 2). Further, the pricing of exposure to the changes in the VFTSE remain significant even after controlling for the asset pricing factors and the macroeconomic indicators (Column 3 of Panel A). Additionally, from Panels B and C we can see that the price of risk associated with the exposure to innovations in the VFTSE also remains significant when we measure those using models (8) and (10). Second, the prices of risk associated with exposure to innovations in the IV360 index also remains significant after controlling for market liquidity, other cross-sectional asset pricing factors and macroeconomic indicators.
Conclusions
The paper investigates the impact of the short and the long-term implied market volatilities on excess returns from the FTSE100 and FTSE250 indices and the 25 valueweighted size and book-to-market Fama-French portfolios in the UK. Following the predictions of inter-temporal asset pricing theory, we also examine the cross-sectional asset pricing implications of risk associated with the innovations in the short and the long-term implied market volatility. The underlying assumption of our analysis is that innovations in both 30 days and 360 days FTSE 100 implied volatility are the true reflection of short and long-term expected market volatility. Prior literature focuses on the impact of only the short-term implied volatility on stock returns. However, investors are more concerned about the long-term volatility and its impact on the long-term performance of their portfolios.
We report the following findings. First, we find that the excess returns of aggregate FTSE indices have a strong negative relation with the changes in both the short and the long-term implied market volatility after controlling for valuation ratios, macroeconomic and leading economic indicators. Notably, the magnitude of the impact of changes in the long-term implied market volatility is greater. Further, excess returns of FTSE 250 index are more sensitive to changes in the short and the long-term implied market volatility than excess returns of FTSE 100 index.
Second, after controlling for the market risk premium, small size portfolios provide higher returns to offset the risks arising from the changes in the short term implied market volatility. On the value dimension, the returns of both the growth and value stocks are positively (negatively) sensitive to the innovations in the short (long) term implied market volatility.
Third, the cross-sectional regression results reveal new evidence that innovations in both the short and the long-term implied market volatility are significant cross-sectional asset pricing factors with negative prices of risk, after controlling for the Fama and French, (1993) and Carhart, (1997) factors. The factor risk premiums attributable to the innovations in the short-term (long term) implied market volatility are negative (positive) after controlling for the market risk premium.
Finally, our results are robust after controlling for market liquidity and a variety of control variables as well as alternative estimation techniques. Overall, the finding that innovations in both the short and the long-term implied market volatility are significantly priced implies that investors care about ex-ante volatility and are willing to pay for insurance for future uncertainty. These are log changes in M4 money supply which is composed of holdings of M0, sterling deposits at banks and building societies including certificate of deposits, other instruments with maturity no more than 5 years and liabilities of UK bank and building societies arising from the repo transactions Effective Exchange Rate (ΔER)
Appendix A
These are log changes in the Sterling Effective Exchange Rate Index. The Effective Exchange Rate Index is measured using the trade-weighted exchange rate of the British Sterling Pound Term Spread (TS)
Term spread is the difference between the yields on 10 year UK government bond and 3-month treasury bills rate.
CAY
These are transitory deviations (cointegrating residuals) between consumption, asset wealth and Income. To calculate CAY we use (i) Aggregate personal consumption, which is measured using seasonally adjusted data on consumer spending on durable, semi-durable and non-durable-goods and on services.
(ii) Total Gross Wealth, which is the total gross value of accumulated assets by households; the sum of four components: property wealth, physical wealth, financial wealth and private pension wealth. (iii) Aggregate personal income, which is measured using the income approach of secondary distribution of income accounts and uses the disposable income of households and NPISH Leading Economic Variables Retail Sales (ΔRS) Log changes in retail sales, which are the seasonally adjusted index for total sales including automotive fuel at constant prices. Index of Industrial Production (ΔIIP) Log changes in the Index of Industrial Production. The index of industrial production is the seasonally adjusted index, which measures the volume of production of the manufacturing, mining and quarrying and energy supply industries Consumer Confidence ( Market trading volume is measured using turnover by value, which is the aggregation of number shares traded in the FTSE 100 index multiplied by the closing price of each share that constitutes the FTSE 100 index List of Tables   Table 1 Descriptive Statistics: Sample. Newey and West, (1987) heteroscedasticity and autocorrelation corrected t-statistics (pre-whitening with 5 lags) Adjusted sample size March 2000 to July 2015. *** represents significance at 1%, ** at 5% and * at 10% Note: This table reports the impact of innovations in the short and the long term implied market volatility on the excess returns of aggregate FTSE indices after controlling for all the variables from the three control group variables together. Panel A uses changes in VFTSE and IVI360 as proxies of innovations in short and long term implied market volatility. Panel B uses the residuals of ARMA (1, 1) models for VFTSE and IVI360 as proxy of innovations in the short and long-term implied market volatility. The t-statistics, reported in parentheses, are corrected for heteroscedasticity and autocorrelation (Newey and West, 1987) pre-whitening with 5 lags. Adjusted sample size, March 2000 to July 2015. *** represents significance at 1%, ** at 5% and * at 10% Note: This table reports the factor loadings from regression (4) for the excess returns of each size-book-to-market portfolio on ∆ 30, ∆ 360 and the market factor (MKT). The associated t-statistics are Newey and West (1987) heteroscedasticity and autocorrelation corrected (pre-whitening with 5 lags). Adjusted sample size March 2000 to July 2015. *** represents significance at 1%, ** at 5% and * at 10%. Fama and Macbeth (1973) cross-sectional regressions for the size and book-tomarket sorted portfolios. Columns (1) and (2) present the estimates of cross-sectional regressions (5) and (6) respectively. Columns (3) and (4) are the estimates of the same cross-sectional regressions similar, but by using ARMA (1,1) residuals for each of the VFTSE and IVI360 as proxies of innovations in short and long term implied market volatility respectively. MKT, SMB, HML and UMD are market, size, value and momentum factors respectively. The figures in parentheses are heteroscedasticity and autocorrelation corrected t-statistics. *** represents significance at 1%, ** at 5% and * at 10% Fama and Macbeth (1973) cross-sectional regressions for the size and book-tomarket sorted portfolios. Column 1 presents the estimates of cross-sectional regressions in (7). Column 2 presents prices of risk related to changes in short and long term implied market volatility after controlling for leading economic indicators. Columns 3 and 4 are the estimates of cross-sectional regressions similar to columns 1 and 2, but by using ARMA (1,1) residuals for each of the VFTSE and IVI360 as proxies of innovations in short and long term implied market volatility respectively. Market factor is the market risk premium. The various control factors are explained in Appendix table A1 . CAY is the residuals of the cointegrating equation (3). The figures in parentheses are heteroscedasticity and autocorrelation corrected t-statistics. *** represents significance at 1%, ** at 5% and * at 10% Notes: This table reports the factor loadings for the excess returns of each size-book-to-market portfolio on short term(∆ 30), and long-term (∆ 360) implied market volatilities after controlling for the market factor (MKT) and market liquidity (LIQ). The model estimates is similar to (4) but augmented by market liquidity (LIQ). The model is estimated using GMM with lags of independent variables as instruments. Adjusted sample size March 2000 to July 2015. *** represents significance at 1%, ** at 5% and * at 10% level respectively. 
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